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What We’ll Cover

* Basic 3-phase Soil Physical Model

* 3 Categories of Soil Water
Quantification

* Interpretation & Application of Each
* Basic Instrumentation

* Implications for Solute Flow & Miscible
Displacement
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Read the Paper

'or a more scholarly, do umente w
presentation

The paper will appear in the
ASTM Special Technical Publication and in the Journal of AST

publlcatlon list (probably early 2008).

Special thanks to the many web sources for images borrowed fa

this educational presentation.




Void Space

Soil Organic
¥~ Matter
Typically 1-5%

Sojka, 1999




1 Soil Solids

Soil Water




Soil Model

SOIL AERATION:
i1 Soli
Seil Solids O, diffuses in through water
Soil Air only one ten-thousandth as

easily as through soil air

Soil Water Many plant responses and soil
status transformations are
mistaken as direct responses
to chemical application, when
they may actually be aeration
effects.

- Soil Soil
Air Water

(Void Space]

Poor aeration most often
Soil Organic results from excess soil water,
Matter /
Typically 1-5% and can exacerbated by high
temperature, compaction or
fresh incorporation of organic
matter

NWISRL ¢
Kimberly, ID |

& 1
i



y .
9 Categories of Soil

~ Water Quantification

Content
Energy
Flow %
S s




Particle Size and Surface Area

Pieces half the nrlglnal dimensions
Twice the surface area
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Pleces one quarter the originaldimensions L4 gl B

Four times the surface area Pieces one E:|ghth lhe original dimension
Eight times the surtace area

Adapted from U of GA
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Soil Particle Classification
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and Soil Minerals
tively Charged

Water Molecules

rogen Bonding Occurs
Protons & Mineral Surfaces

Soil Solids
(Mostly Minerals)

Soil Air

Soil Water

Sojka, 1999

ID Museum of Nat. History



el I L2Vl diffuse layer
R e

Mineral Surface

Xy X0 —m X
2 a

Outer Helmholtz Plane
Inner Helmholtz Plane

Adapted from NMSU

Decreases with Distance
7 //
7 /// tial at the Beginning of

eta Potential
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el I L2Vl diffuse layer
R e

Mineral Surface

Outer Helmholtz Plane
Inner Helmholtz Plane

Adapted from NMSU

/// ater Water Retention (Capillarity)
7// A ea (clay soils) Retain
an Sc s with Less Surface Area (sands)
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| Model
/

NATER RETENTION:

Soil Solids | pORE SIZE affects water
o retention at a given water
Soil Air potential.

_ If average pore size is small,
Soil Water water is more subject to capillary
retention, so more water is
present at greater suction (more
negative [lower] water potential).
Water can be available over a
longer drying period...

I A

- Soil Soil
Air Water

(Void Space]

Soil Organic Clays have mostly small pores.

-
Matter Sands have mostly large pores.
Typically 1-5%

Structured (aggregated) soils
have both.
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/ Model

ATER RETENTION:

TOTAL PORE VOLUME affects
maximum water storage capacity
Soil Air (zero water potential-- saturation).

Soil Solids

Clays have small pores, but the
Soil Water largest total pore space & hold the

largest total volume of water

(weigh more wet = “heavy soil”).

Sands have larger pores than
clays, but low total pore space &
hold least total volume of water
(weigh less wet = “light soils”).

- Soil Soil
Air Water

(Void Space]

‘\Soil Organic _ _ .
Matter Structured soils are intermediate.
Typically 1-5% The largest pores are larger than

in sand, but the effect is offset by
small pores inside aggregates.
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Granular: Resembles coolue
crumbz and iz usually less than 0.5
cin in diameter. Cornmonly found
i surface horzons where roots

hawe been growing.

Prismatic: Vertical columns of
Blocky: Irregular blocks that are || soil that might be a number of cm
usually 1.5 - 5.0 cm in diameter. || long Usually found in lower

horzoens.

NWISRL
Kimberly, ID

Columnar: Vertical columns of
soil that have a salt "cap” at the
top. Found in soils of anid

climates.

Single Grained: =oil is broken
Platy: Thin, flat plates of sodl that || into indvidual particles that do not
lie hotizontally, Taually found in || stick together. Always

compacted soil. accompanies a loose consistence.
Commonly found in sandy soils.

NASA
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Structure and Conductivity

Unfractured igneous Fractured igneous &
& metamorphic rocks \/ metamorphic rocks
Karstic

Limestone

Limestone

Sedmentary
Rocks Sandstone

|

T silt

Sediments
Roils ___Clay-rich sals__Soils _Sandy soils
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After Freeze and Cherry, Graunagwalier, Table 2.2, "Soils" ling is largely an LBR inference.
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Iy (kPa)
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Loald \ medium Clay Peat
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http://upload.wikimedia.org/wikipedia/en/8/87/Wrc.jpg
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Brooks and Corey (1964} ——
van Genuchten (1988 —
' Kosugi {1996} ——

With Knowledge of:
Texture

Porosity

Structure

Bulk Density

48 68

Suction {(cn)
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Soil Water Content (%; mm/100mm)
40 20 18 15

I. JMNave | 5 L" i
Drainage

PWP 1500kPa

I | =
1 100 1000
Soil Water Suction (kPa, Log Scale)

Representation of the availability of water in soils
for plant growth and development.
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Hygroscopic Water

Hygroscopic Coefficient
Wilting Point

Capillary Water

Gravitational Water

0.0001 0.001 0.01 0.1
Water Film Thickness (mm)
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Saturation Water Content
Field Capacity
Permanent Wilting Point

SWC . FC . PwP
Gravitational Capillary '
water water
i Water held in 5 Remaining water
micropores : adheres to soil
! ' particles and is
_— Drains out of the ; i unavailable to plants
1 : Availabl
Saturation Field Capacity Wilting Point ‘ rootzone plllr:rl'n'?mggizﬂnr
All pores are full of  Awailable woter for Mo more water is absorb this
watar. Gravitational plant growth available fo plants :
waler is lost .
Available water for plant growth
Agricultural Burea, West. Austr. Govt. Western Australia/\Westone
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Figure 2: Soil Texture and Available Water
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Suction

Compaction
Squeezes Water
Out of Big Pores

But Holds Water
Tighter in Small
Pores

This changes
water holding

Water content Hillel, 1971

properties and soil
aeration properties
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Soil Solids

Soil Air

Soil Water

- Soil Soil
Air Water

(Void Space]

Soil Organic
/ ¥~ Matter
Typically 1-5%
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Soil Model

HYDRAULIC CONDUCTIVITY
(internal water flow / drainage)

Soil Texture & Structure Affect
Pore Space, Size, Arrangement,
and Continuity

Small pores: Less water flow at
saturation. But... Water is more
subject to capillary action, so
more water flows in the dryer
range (up to a point).

Large pores: water flows freely
at saturation. Less capillarity
greatly reduces flow in the dry
range (low water potential)

Aggregated soils have a mixture
of pore sizes and intermediate

flow behavior %



Faster Flow—

—Slower Flow

HYDRAULIC COMNMNDUCTIVITY
ccl crm2f DAY

10

10

T T

1 1 5

As Compaction Increases:

Flow decreases due to
fewer large pores, but flow
increases through small
pores.

Saturated Conductivity
Decreases

Unsaturated Conductivity
Increases (to a point)
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Hydraulic Conductivity
& Water Potential
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Permanent Wilting
Point

l

Soi1l Water Potential Low
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Soil Hydraulic Conductivity




Water Potential & Hydraulic Conductivity
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Infiltration Rate —

Rate em/hr

Intake Opportunity Time, hrs—
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Cumultative Infiltration —

Adapted from FAO

Total cm
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Texture, Structure &
Infiltration

400} éﬁ-

Accumulated infiltration (mm)

M.A.F. New Zealand Time {(minutes



Soil with upper layer more porous

Uniform soil

_ Soil covered with a crust

-

(after Musy, Soutter, 1991)

TIME




Structure and Antecedent Water
Effects on Infiltration Rate

sandy soil
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vettability
high wettability

Fun Science Gallery
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Water Drop Penetration Time=

A Great Segue to
Measurement Considerations

* Measurement Scale: point/field/landscape
* Disturbed, “Undisturbed”, In Situ

* Spatial Heterogeneity of Soil Properties

* Relationship of Measured Parameters

* Appropriateness of the measurement to the
Question and/or Problem Solution

* Precision vs Accuracy
* Cost and Effectiveness
* Feasibility

* Interpretation |
USDA NWISRL
Kirmberly, 1D




Loose? Cores?
ow Many per Acre?
ow Much?

ow Deep?
hen?
ow Often?
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Double Ring Infiltrometers
(Ponded / Free Water / Saturation)
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Scale of Measurement

NWISRL
Kimberly, ID




Pressure Plate Apparatus
Water Retention (volume vs. energy)
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Resistance Sensors
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http://tal.agsci.usu.edu/~tal/soil.science/soil.physics/

Capacitance Probes

Sensor

NWISRL
Kimberly, ID




.

Thermocouple Ceramic Shield
i or Stainless
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scible Displacement

(Movement of Solutes with Water)

* Water Flow and Soil Water Content

* Diffusion and Dispersion

* Flow Conditions (Steady vs. Unsteady)

* Pore: Size Distribution, Number, Tortuosity
* Solute Concentrations & lonic Attributes

e Sorption and lonic Exchange Phenomena

* Chemical Reactions

QSD—A NWISRL '
= Kimberly, ID




.-kf

. NWISRL.

w1 i - l'.+
" xKimberly;'1D - -

g




- Thank You _

Questions?

http://sand.nwisrl.ars.usda.gov/indexjs.shtml
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